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PRESENT STATUS AND PROBLEMS OF 


BAMBOO CLASSIFICATION 


T * 


D. Grosser and W. Liese 


STATUS OF BAMBOO CLASSIFICATION 

The first bamboo classification originates from Rumpf (1750) 
who divided the bamboos into 8 classes, all with the name Arundo. This 
classification system was used with little change by Linne (1753), Rox¬ 
burgh (1814), and Ruprecht (1839), until Munru 'i 


his new system which is still applied in principle today. Bentham (1883) 
modified the system of Munro so that instead of three divisions (Triglos- 
sae (Arundinarae). Bambuseae verae. and Bacciferae) four subtribes were 
introduced. Hackel (1889) and Gamble (1896) adopted the system of 
Bentham unchanged. It is represented by the tollowi: u arrangement: 


Classification System of IB i ham (1883) 
[Including genera added by Hackel (1889) and Gamble (1896)] 


Subtribe 1 

Arumlinarieae: 


Stamens usually 3, palea 2-keeled. Pericarp thin, adnate 
the seed 

Genera: Anindinoria , A r thfostylidiu w , 

Athroostachys, Aterostachys , Chusquea , Planotm 


to 



* 

/ 


Subtribe 2 

Eubambuseae: 


Stamens 6. palea usually 2-keeled. Pericarp thin, adnate to 


the seed. 

Genera: Nastus , Guadua, 

Atractocarpa, 



Bambusa, Thyrsostachys, Gua- 
Gigantochloa, Oxy tenant hera . 


Puelia 


Subtribe 3 

Dendrocalameae: 


Subt ribe 4 
Melocanneae: 


Stamens 6, palea 2-keeled. Pericarp fleshy or crustaceous, 

Ska 1 : SrocefamM, Melo<alamm, Pse„do S l„d,y„m. 
Teinostachyum, Greslania, Cephat ' • ■ " ■“ 


Stamens 6 or more, spikelets 1-flowered, palea none or 
rirfTto the flowering glume. Pericarp crustaceous or 

ttS mLm, «**«*», 

dra. 


* This investigation was supported by the Deutsche For>chungsgemeinscha 
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Slight modifications to the system of Bentham were made by E. G. 
Camus (1913) and by Stapf 11917). Camus arranged the genera in 
five tribes and four subtribes while Stapf combined the African genera 

. Guaduella and Atractoearpa of the second sui'tribe into a separate 
fifth subtribe (Pueliinae). The system of Stapf was adopted by Hub¬ 
bard (1934) in Hutchinson s monograph “Monocotyledons.” A markedly 
different system was proposed by A. Camus (1935) as an expansion of the 
system formulated by her father E. G. Camus (1913). She assigned 
genera having filaments united to form a tube into a special trib 
drae, resulting in a total of seven tribes and four subtribes. 


Classification System of A. Camus 



Tribus I 

Arundinariae: 


Tribus II 

Arhrostytideae: 

Tribus III 

Chusqueae: 

i'ribus IV 

Bambuseae verae: 

T ribus V 
Hickelieae: 

Tribus VI 
Synandrae: 

Tribus VII 

Baccifereae 

Subtribus I 
I >endrocaiaminae: 

Subtribus II 
Melocanninae: 

Subtribus III 

i ’seudocoixinae: 

Subtribus IV 

Perrierbambusinae: 


Genera 


Sasa. Oreiostachys, Arundinaria, Thatnnocalamus, Far- 
gesia. Phyllostachys, Microcalamus . Glaziophyton 

Arthrostylidium, Aulonemia. Merostachys 
Chusquea, Plano tin 

Guadua , Guaduella, Bambusa , Oreobambus , Nastus, 

___ jr T t Jr 

Greslania, Thyrsostachys 
Hickelia 

Puelia, Atractoearpa, Gigantochloa , Oxy tenant hero, 
Neohouzeaua 


Pseudostachyum, Teinostachyum, Dendro calamus, 

i Zephalostachyum . Melocala m us 

Schizostachyum, Dmochloa, Melocanna, Ochlandra 

Pseudocoix. 

Perrierbambus. 


Holttum (1946, 1956) regarded the tribe Synandrae of A. Camus as 
unnatural. In his opinion, the main differences between Bentham’s 
subtribes, based on fruit-structure, are not in accordance with the ob¬ 
served natural characters. Although fruit structure is considered of basic 
importance by Munro (1868) and Bentham (1883), both studied only 
very few fruits and their limited observations were insufficient for the 
weight given them in their system. Furthermore, they neglected the 
structure of the ovary, the spikelet (except in the fourth subtribe), and 
the inflorescence. As a result, a thorough revision of bamboo classifica- 
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tion was considered necessary by Holttum (1956). As the basis for a na¬ 
tural classification he proposed a new system based on the structure of 
the ovary. In comparison with earlier systems it contains substantial 
changes within the four divisions to which the genera have been assigned. 


Classification System of Holttum ( 1956 ) 

A. Schizostachyum type of ovary: 

Melocanna , Ochlandra , Schizostachyum (including 
Teinostachyum , Pseudostachyum , Cephalostachyum , 
and iVgo/wwseattfl). 

H: 

B. Oxytenanthera type of ovary: 

Oxytenanthera (sensu stricto >. 

t * dr 

C. Bambusa-Dendrocalamus type of ovary: 

Melocalamus, Dinochloa, Thyrsostachys , Bambusa, 
Guadua, Dendrocalamus, Gigantochloa, Racemobam- 
bos (including Chloothamnus >. 

I). Arundinaria type of ovary'. 


There is hardly any other group of flowering plants so difficult to iden¬ 
tify and classify as are the bamboos. This is mainly because the common 
identification based on flowers and fruits is seldom possible since most 
bamboo species flower only at irregular intervals and often die soon 
after. There are also species which mostly remain sterile. For example, 
in Bambusa vulgaris , one of the most common species, only very few 
flowering specimens have been observed, and fruiting has never been seen 
(McClure, 1966). Only a few species flower annually or even constantly, 
e.g., Arundinaria wightiana, Bambusa lineata, Ochlandra rheedii, 0. stri - 
dula, Schizostachyum brachyladum, S. gracile and 5. grande (Gamble, 
1896; Holttum, 1946; Raizada & Chatterji, 1956). Furthermore, the flow¬ 
ers of many tropical bamboo species undergo changes during their devel¬ 
opment so that their morphological characteristics vary according to the 
time of observation. The preparation of collected material is often diffi¬ 
cult because the flowers are easily damaged. Misinterpretations are then 
possible, when new species or genera are described on the basis of such 
flower fragments in which essential floral characteristics may be missing 
(McClure, 1957a). Consequently, many species may be described under 
different names or members of the same species may be placed in differ¬ 
ent genera, or the same name may be given to quite different species. 

As a result of these difficulties and uncertainties, a rather confused 
picture results. This is reflected not only in the classification systems 
mentioned above but also in the estimates of the numbers of species and 
genera, which vary from 500 to more than 1000 species, and from 30 to 
about 90 genera. Actually, the bamboos may contain around 600 to 700 
species, excluding the bamboo grasses “Sasa” from Japan, which alone 
comprise 6 genera with more than 600 species. McClure (1957b), who 
concentrated in his first revision on 88 genera, which he had checked, 
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later considered only 63 as “good, because he proved that several genera 
were described twice. The most important genera, together with the num¬ 
ber of their species and their distribution, are listed in Table I. 

Table 1 . List of the more important bamboo genera with the 

number of their species and their distribution. 


Number 

of 

Genera species Distribution 


20 Central and South America 

81 Asia. America. Africa 


Arthrostylidium Ruprecht 
Arundinaria Michaux 
Athroostachys Bentham 
Atractocarpa Franchet 
Bambusa Retzius corr. Schreber 

Brachystachyum Y. L. Keng 
Cephalostachyum Munro 

Chimonobambusa Makino 
Chusquea Kunth 
Dendrocalamus Nees 
Dinochloa Buse 
'argesia Franchet 
Gigantochloa Kurz ex Munro 
Guadua Kunth 

Guaduella Franchet 
Hickelia A. Camus 
Hitchcockella A. Camus 
Indocalamus Xakai 
Indosasa McClure 
Leleba** Nakai 
Lingnania McClure 
Melocalamus Bentham 
Melocanna Trinius 
Merostachys Sprengel 
Nastus Jussieu 

Neohouzeaua A. Camus 
Neurolepis Meisner 
Nipponobambusa* Muroi 
Ochlandra i’hwaites 


C ireobambus K. Schumann 
Oxytenanthera Munro 

Perrierbambus A. Camus 
Phyllostachys Siebold & Zuccarini 


1 

Brazil 

1 

Congo 

/o 

Central and East Asia, 

W 

Malaysia 

1 

East Asia (China) 

9 

India, Malaysia, Mada¬ 
gascar 

12 

China. Japan. Korea, Taiwan 

71 

Middle and South America 

24 

India-Philippines 

9 

Philippines, Java, Malaysia 

1-2 

China 

12 

India-Philippines 

29 

Middle and South America, 
Philippines 

4 

Central and West Africa 

1 

Madagascar 

1 

Madagascar 

7 

China, .Philippines 

East Asia ( 1 'hina) 

(3)t 

Japan 

China 

1 

India 

2 

India 

18 

South America 

2-10 

South America, Madagascar, 

Sumatra 

2 

India, ! ndonesia, Laos 

Jr 

9 

South America, New Guinea 

(12) + 

Japan 

11 

Middle and East Asia, 

9 

Malaysia, Ceylon, Mada- 

^ Jr 'w' # 

gascar 

1 

Africa ( Usumbura) 

16-18 

Asia, New Guinea, Africa. 
Madagascar 

2 

Madagascar 

25 

Japan. China, Taiwan, Indo¬ 
china, Himalaya 
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Pleioblastus* Nakai (93 > ‘ 

Pseudocode A. Camus 1 

Pseudosasa* Makino ex Nakai 4 

Pseudostachyum Munro 1-2 

Puelia Franchet 1 

Racemobambos Holttum 5 

Sasa* Makino & Shibata (400) + 

Sasaella* Makino (132) + 

Sasamorpha* Nakai ( 4 > t 

\ * 

Schizostachyum Nees 25 

Sem iar undin aria Makino 

ex Nakai (8-15) + 

Shibataea Makino ex Nakai 1 

Stnarundinaria Nakai 
Sinobambusa Makino ex Nakai (1) + 

Sinocalamus McClure 
Teinostachyum Munro 5 

i’hyrsostachys Gamble 2 


China, Japan 
Madagascar 
Japan, Korea, China 
Himalaya (India > 

West Africa, Congo, Gabon 
Malaysia i Borneo) 

Central and East Asia 
Japan 

Japan, South China, Korea 

India-Philippines, 

Madagascar 

South China, Japan 
China, Japan 
East Asia 
Japan 
China 

India. Ceylon 
India. Thailand 


* The genera in Japan called “Sasa” comprise more than 600 species; they are 
distinguished from the group of bamboo species called ‘Take.” 


Division of the Bambusaceae in Japan 


Genera of Bamboo grass (“Sasa”) 

Nipponobambusa 

Pleioblastus 

Pseudosasa 

Sasa 

Sasaella 

Sasamorpha 


Genera of B.amboo (“Take”) 
Leleba ** 

PhvUostachys 

Semiarundinaria 

Sinobambusa 

Chimonobambusa (including 
T etragonocalamus) 
Shibataea 


** In Japan all Bambusa species with thorny branches are combined in Leleba. 

+ The numbers of species growing in Japan. Sources: Raizada & Chatterji (1956): 
McClure (1957b); Ueda (1960); Prat (I960); Hino (1961); and Lin (1967). 


Because the flowers of many bamboos appear only infrequently, special 
importance has to be given to the vegetative structures, too. A compre¬ 
hensive description of the morphology of the vegetative parts of the 
bamboos is given by Holttum (1958) in his taxonomic account of the 
bamboos of the Malay Peninsula together with a key to these species 
based on vegetative characters. Of special value as diagnostic characters 
are the culm sheaths, which have been investigated in detail by Chatterji 
& Raizada (1963). Their description and key to the identification of 22 
Indian bamboo species is, however, not satisfactory, since no distinc¬ 
tions were made between the ligule and the auricles (Holttum 1972). 
The key itself is rather restricted in its application because of considerable 
variations within the same species and an overlapping between different 
species and genera (Pattanath & Ramesh Rao, 1969). Furthermore, it 
can be used only for sheaths of mature culms, because ir immature ones 
differences in shape, size, and texture of the sheaths may occur. It is also 
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necessary to recognize that culm sheaths, leafy twigs, and other vegetative 
structures alone are not satisfactory substitutes for herbarium material 
of flowering specimens, in spite of their usefulness for identification pur¬ 
poses. Holttum ( 1972) pointed out that he could not define any genus 
on vegetative characters only. However, the collection and study of indi¬ 
vidual -amboos cannot be deferred until they are flowering. 

Therefore, McClure (1957a. 1966) proposed that at first a complete 
description of the vegetative structures of sterile bamboos should be made 
and the description of the reproductive structures should be added after 
flowering has been observed. These suggestions appear all the more im¬ 
portant, since during flowering culm growth is more or less reduced, so 
that no new culms with sheaths are produced and the older sheaths soon 
disappear. This is why culm sheaths and flowers of the same plant are 
only rarely present together in herbaria. 


Classification Based on Anatomical Characters 

Intensive investigations were carried out on 52 species of bamboo in 
14 genera, collected in India, Bangla Desh, Thailand, Indonesia, the 
Philippines, Taiwan, and Japan, which are listed in detail by Grosser 
(1971) in his contribution to the histology and classification of Asian 
bamboo species. The results have revealed that the anatomical charac¬ 
ters of the bamboo culms are of considerable value for taxonomic identi¬ 
fication, since distinct differences in the structure of the vascular bundles 
exist between various genera as well as between many species. For most 
of the species investigated a characteristic shape, size, and arrangement of 
the vascular bundles could be demonstrated, on the basis of which an 
anatomical classification system has been devised, which is discussed in 
the following section. 

In order to understand the principles of this system the anatomical 
structure of bamboo cuims must be described briefly (for details see 
Grosser, 1971; Grosser & Liese. 1971; Grosser & Zamuco, 1971). 

The anatomical structure of bamboo culms is mainlv determined by 
the collateral vascular bundles embedded in the parenchymatous tissue. 
The vascular bundles are small, numerous and close to each other near 
the periphery, becoming larger and more widely distributed towards the 
center of the culm. However, in the inner culm of plants of many species 
the bundles appear smaller again. Consequently, they reach their maximum 
size in the central zone where they also exhibit their characteristic form 
(Figure 1). The phloem and xylem part of each bundle is surrounded 
by sclerenchymatous sheaths, differing in size and shape according to 
their position within the culm of the given bamboo species. Each vas¬ 
cular bundle in the central zone possesses four of these sheaths; two lat¬ 
eral on either side of the vessels, and two polar, surrounding the phloem 


Figure 1 . Dendrocalamus giganteus Munro. Cross section of culm wall, a, 
outer, b. middle, c, inner part of the culm. all. X 11. 
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and the intercellular space. Additionally, many genera possess isolated 
fiber strands, situated either onlv on the inner side of the vascular bundle 
or on the inner and outer sides; they are separated from the central vas¬ 
cular strand by a few rows of parenchyma cells. Consequently, two struc¬ 
tural types of arrangement of the supporting tissue can be distinguished: 
sheaths and strands. Bamboo species with isolated fiber strands, there¬ 
fore. possess vascular bundles consisting of two or even three parts, de¬ 
pending on whether one or two fiber bundles are present in addition to 
the central vascular strand. On the other hand, bamboo species with only 
sclerenchyma sheaths have vascular bundles consisting of only one part. 
Depending on the presence or absence of these types of vascular structures, 
four basic vascular bundle types can be distinguished. These are de¬ 
scribed in detail in Table 2 and illustrated in Figures 2, 3, 4. and 5. 


Table 2. Basic vascular bundle types in bamboos (from Grosser & Liese 1971)* 

Vascular bundle type I (a) 

Characteristics: Consisting of one part (central vascular strand); support¬ 
ing tissue only as sclerenchyma sheaths; intercellular space with tyloses. 

Occurrence: In all species with leptomorph rhizomes throughout the 
culm as the only type (Arundinaria, Phyllostachys). See Figure 2. 


Vascular bundle type II (b) 

Characteristics: Consisting of one part (central vascular strand): supporting 
tissue only as sclerenchyma sheaths; sheath at the intercellular space (proto- 
xylem) strikingly larger than the other ones; intercellular space without tyloses. 

Occurrence: In species with pachymorph rhizomes growing either in single¬ 
culm-formation ( Melocanna') or in clumps ( Cephalostachyum , Schizostachyum , 
Teinostachyum ). In Cephalostachyum as the only type throughout the culm; 
in Melocanna , Schizostachyum , Teinostachyum in the basal internodes often 
together with type III. See Figure 3. 


Vascular bundle type III (c) 

Characteristics: Consisting of tw'o parts (central vascular strand and one 
fiber strand); fiber strand inside the central strand; sheath at the intercellular 
space (protoxylem) generally smaller than the others. 


Occurren ce: 


orming 


t Bam- 


busa, Dendrocalamus, Gigantoc hloa, Thyrsostachys ); at the basal intemodes 
combined mostly with type IV', in the middle and upper parts as the only’ type. 
In Melocanna , Schizostachyum . and Teinostachyum combined at the basal inter¬ 
nodes with type II. In some Oxytenanthera species, as the only type through¬ 
out the culm. See Figure 4. 


Vascular bundle type IV id) 

Characteristics: Consisting of three parts (central vascular strand and two 
fiber strands*; fiber strands outside and inside the central strand. 

Occurrence: In clump-forming species with pachymorph rhizomes ( Bambusa, 
Dendrocalamus , Gigantochloa, Thyrsostachys ): mostly at the basal intemodes. 
seldom at the middle part; always combined with type III. See Figure S. 

♦Table 2 (text and illustrations) from Grosser & Liese 1971, reproduced here 
by permission of Springer-Yerlag, Berlin. 
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Based on the presence of these four basic types 
of them within one culm, an anatomical system ot 


; as well as combination* 



ssification can be 


drawn up. It consists of four main 
two sub-g 

Group A 


» iROl'P B 

Group B 1 


Group B 2 


Group C 


Group D 


roups, one of which is divided into 



Genera having vascular bundle type I consisting of one part. 
Arundinar ia, P/iyllostochys, Tetrugoftocoldutus. 

Genera having vascular bundle type II consisting of one par 

Genera having type II alone: 


lb- * 




w 



type III, consisting of tw« 


Genera having type II c 
parts: 

Melocanna, Schizostachywn, Teinostachyutn. 

Genera having vascular bundle type III consisting of two parts 

alone: 

Oxytenanthera. . , 

Genera having type III, consisting of two parts combined with 

type IV consisting of three parts: 

Bambusa , Dendrocalamus. Gigantochloa, Tkyrsostachys. 
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Group A with the vascular bundle type 1 consisting of one part, in 
general characterizes the leptomorph genera which are growing mono- 
podially, whereas the pachymorph genera with sympodial growth are 
typified by the Groups B, C, and D with the vascular bundle types II, 
III, and IV, consisting of one, two, and three parts respectively (see Ta¬ 
ble 2 ). Between these two morphologically different bamboo groups there 
also exist distinct structural differences. As far as the distribution of 
genera is concerned, our classification system based on vascular bundle 
types is in accordance to a large extent with Holttum's (195'}) which 
is i>asec! on similarities in reproductive structures. The anatomical 
results confirm Holttum’s opinion that neither the widely applied system 
of Munro modified by Bentham (1883), nor the system by A. Camus 
(1935 agrees with the natural order. 

The genera Bambusa and Dcndrocalamus, which in the older classifica¬ 
tions have been placed for nearly a century in different subtribes or tribes, 
possess very similar anatomical structures. Pattanath & Ramesh Rao 
(1969) also noted that both genera have several anatomical features in 
common. Therefore, both genera should be grouped together as Holttum 
also proposed. Furthermore, on the basis of their vascular bundles the 
genera Gieantochloa and Thvrsostachys belong to the Bambusa-Dendro- 
calamus-GROUP D. On the other hand, Dendrocalatnus has a distinctly 
different structure from Teinostachyum and Cephalostachyum so that 
these two genera cannot be placed together with Dendrocalatnus in one 
group as was formerly done, but rather into different groups as suggested 
by Holttum. The Teinostachyum and Schizostachyum species investigated 
have such a similar structure that Holttum’s proposal to include the 
Teinostachyum species in the genus Schizostachyum would conform with 
the natural order. The extent to which this also applies to Pseudostachyum 
and Neohouzeaua has not so far been determined anatomically. How¬ 
ever, in contrast to the proposal of Holttum, the genus Cephalostachyum 
appears to be anatomically less related to the genus Schizostachyum so 
that its inclusion in the latter should be examined further. 

The genus M doc anna belongs to Group B, together with the genera 
Cephalostachyum and Schizostachyum including Teinostachyum. It 
shows, however, more similarities with Schizostachyum than with Cephalo¬ 
stachyum. All four genera possess the vascular bundle type II which is 
present either alone ( Cephalostachyum) or in combination with type III 
(Melocanna, Schizostachyum and Teinostachyum) so that two subgroups, 

* ^ r * 

B 1 and B 2, can be distinguished. 

The genus Oxytenanthera forms a separate group, both on the basis of 
its morphology in the system of Holttum as well as from the anatomical 
point of view. Holttum (1956) shows that Oxytenanthera species from 
Asia described by Munro & Gamble are either species of Dendrocalatnus or 
species of Gigantochloa and concludes that the genus Oxytenanthera is 
exclusively African. Consequently, his “group B—ovary of the Oxy¬ 
tenanthera type” should be restricted to the African species (type species 
O. abyssinica (A. Richard) Munro). In fact 0. nigrociliata Munro from 





6tll inter- 
bernracik 


v u m 


permission 


Asia has a vascular bundle type structure 
calamus and Gigantochloa 
placed O. nigrociliata 
this genus, O. albocili 


Pilfer, exhibit distinct 


hosseustt 


occurs in 


structure 
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African 0. abyssinica as can be concluded from investigations of a few 
basal internodes obtained from Sudan. Pattanath & Ramesh Rao (1969) 
also indicate a vascular bundle structure for basal internodes of O. abys- 
sinica which appears to be similar to that of Oxytenanthera albociliata. 

At least some species of Oxytenanthera growing in Asia probably pos¬ 
sess an anatomical structure closely related to Oxytenanthera abyssinica. 
However, only a thorough investigation of their morphology, especially of 
the reproductive structures, and the histology of the genus will clarify 
which of the 16 to 18 species of Oxytenanthera described so far belong 
to the genus Oxytenanthera sensu Holttum, and those which must be in¬ 
cluded in the genera Dendrocalamus and Gigantochloa. Holttum (1972) 
points out that his assessment of the distinctiveness of the ovary char- 


possibly 


need 


(type 


closely related to Dendrocalamus than was previously thought. Other¬ 
wise, two anatomical groups could be differentiated: one closely cor¬ 
responding to Dendrocalamus and Gigantochloa 


(e.g., 0. 



placed in Gigantochloa by Holttum), and the other not correspond¬ 
ing to these genera (e.g., 0. abyssinica, O. hosseusii and 0. albociliata, 
the last one placed in Dendrocalamus by Holttum). 

At first glance, a revision appears necessary for Dendrocalamus 
membranaceus Munro because the anatomv of this SDecies. collected in 


the Botanical Garden of the Forest Research Institute, Dehra Dun 

W 

(India), differs considerably from the other eight Dendrocalamus species 
investigated so far, but resembles markedly O. albociliata. Its affinity 
to the genus Dendrocalamus, therefore, appears questionable from the 
histological viewpoint. More likely this species belongs to Oxytenanthera. 
Parker (see Chatterji & Raizada, 1963) assumed on morphological evi¬ 
dence that D. membranaceus Munro and Oxytenanthera lacei Gamble 
are identical. But Holttum (1972) definitely regards D. membranaceus 
as a species of Dendrocalamus ; it has short spikelets with 2 or 3 perfect 
florets, much like those of Dendrocalamus strictus (Roxb.) Nees, the 
type species of the genus. Therefore the culms collected as D. membrana¬ 
ceus in Dehra Dun may in fact belong to another species. An anatomical 
comparison with plants from other botanical gardens appears necessary to 
obtain conclusive results. 


In cast ;s where the thickness of the culm wall is insufficient (e.g., Bam- 
busa multiplex (Lour.) Raeusch, a species with only small thin-walled 
culms) the vascular bundle type IV with its three parts appears only 
rarely in internodes near the ground. Also in other Bambusa and Dendro¬ 
calamus species vascular bundles of the basic type IV may not be de¬ 
veloped if the culm remains small and thin-walled because of unsuitable 
growing conditions. For the formation of vascular bundle type IV, the 
culm wall must have a thickness of at least 10-25 mm., according to the 
species. Consequently, species belonging to the Group D may have vascu¬ 
lar bundle types of the Group C in their smaller culms. For the pachy- 
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morph genera a classification into four different culm types has been de¬ 
scribed inyolving three vascular bundle types: B (divided into B1 and 
B2), C, and D. In contrast, all leptomorph genera have the same 
vascular bundle type, represented by Group A. Consequently, 
only species of the genera Arundinaria , Phyllostachys and Tdragonocala¬ 
mus investigated by the authors (Grosser, 1971", Grosser & Liese, 1971) 
but also leptomorph species of the genera Bt achy stack yum, Chitnotto- 
bambusa, Indocalamus, Phyllostachys, Pleioblastus , Pseudosasa, Semi- 
arundinaria, Sinobambusa. and Shibataca (investigated by Li & Chin 


1960: and by Li. Chin & Yao, 1962) possess these types of vascular 
bundles. The Chinese authors have grouped the 24 species from 14 gen- 


designated 
anatomical 


tomical groups. They have chosen for their 
the vascular bundle sequences from internodes of the middle of the culm. 
Such sequences consist of the radial order of vascular bundles across the 
culm-wall from the periphery towards the center. However, form, size, 

" _.* J_LI., lha rn m. 


^ i -4 1 4 J I w V T. 14 A i '/111 ' ft r ^ i > ^ w » — * » — 

and distribution of the vascular bundles vary considerably across the culm- 

* ^ ^ 1 ^ ^ 4 * nr% • 4 \ I 



wall. Furthermore, each :»amb<»n ■ "' !ia ' :1 n1ore <)r ^ ess . 

sequence of vascular bundles. Thus, their classification system is ra er 

complex leading to 15 different types for only 24 species; the conformity 

of species related to each other becomes unclear. Also, the system re ers 

onlv to the internodes from the middle part of the culm, w ereas t e vas 

cular bundles and their sequences vary considerably m height 
within one culm (Grosser, 1971; Grosser & Liese, 1971) 1 herefore, the 

classification system by Li, Chin & Yao (1960 1962) cannot be - 
garded as representative either for the whole culm or mi i*>- " 

itself. 



The results of our anatomical investigations <W SI 
14 genera clearly demonstrate that for the c assi ca. f t ^ e 

genera into natural systematic groups not only ^ 
reproductive structures can be used, but also anaomi ^ bamboo 

particular the structure of the vascular bundles. B^usemany 

species flower only rarely. Bentham (1883). 

ductive chararters sucl'***»* °]‘ A Ca ^ us (1935 ). and Holltum 
Gamble (1896), L. G. Camus t j:_„ r „i ms Sim- 

(1956) have limited value for the identifica ion culm sheaths 

ilarlv. morphological features of vegetatrve or^ch J 

are suitable ior laenuncaLiuu h r nverlaoning between species 

their variation in the same species, and Jl r use other 

and genera. Additionally they are absen m ^ ^ number and 

morphological features 1 a ‘ e bv . them selves only of re- 

length of internod® wall tlucknes more em hasi , should p i aC ed 

stricted diagnostic value. Consequ y, anatomical differences exist 
on anatomical structure, because significant anatonuca 
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between species of a genus and between genera. These differences can 

be applied successfully for the designation of bamboo genera into natural 

systematic units and for the further development of a modern bamboo 

classification. For a system of identification of bamboos — to be more 

* 

independent of any one morphological state (e.g.. sterile, flowering, cut. 
converted)—it is suggested that the following approach should be 
adopted: 

A. Consideration of the morphology of reproductive structures — according to 
Holttum's classification. 

B. Consideration of the morphology of all important vegetative organs — ac¬ 
cording to the results of Holttum (1958) and Chatterji & Raizada (1963) and 
the proposals of McClure (1957a, 1966). 

C. Consideration of anatomical characters of the culms — according to the 
vascular bundle types described above (Grosser & Liese, 1971) and the re¬ 
sults of study of the epidermal structure by Ghosh & Negi (1960 ) and Pat- 
tanath & Ramesh Rao (1969 ). 


SUMMARY 

In the present paper the current status and problems of bamboo clas¬ 
sification are discussed. Comparative histological investigations on 52 
bamboo species from 14 genera, collected in seven Asian countries, have 
shown that certain anatomical features of the culm are of taxonomic 
value. They can be used successfully in addition to morphological char¬ 
acters of the reproductive and vegetative organs for the differentiation 
of bamboo into natural systematic units. The classification svstem pre¬ 
sented is based on four vascular bundle types and combinations of them 
within one culm. This system coincides to a large extent with the classi¬ 
fication of Holttum based on the structure of the ovary. Both the systems 
as well as the older classifications are discussed. 
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